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Defense  support  Installations,  such  as  shipyards,  air  stations, 
training  centers,  and  communications  stations,  provide  support  to  the 
combat  units  of  the  United  States  that  is  essential  to  the  maintenance 
of  the  operational  readiness  of  those  units.  As  a result  of  recent 
events,  these  installations  are  highly  vulnerable  to  the  rapidly 
increasing  costs  of  energy  forms,  to  possible  decreases  in  the  general 
quality  of  available  energy  forms,  and  to  any  politically-motivated 
manipulation  of  energy  production,  deliveries,  and  prices. 


The  need  for  carefully  planned  and  decisively  executed  action  by 
the  military  services  to  reduce  this  vulnerability  is  clearly  evident. 
Improvements  are  needed  both  in  systems  and  facility  design  and  in 
operational  and  training  doctrine  to  conserve  the  use  of  energy  and  to 
adapt  to  the  use  of  more  plentiful  energy  forms,  while  at  the  same  time 
being  careful  not  to  produce  unacceptable  impacts  on  the  combat  readi- 
ness of  our  military  forces  and  their  costs. 
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The  Navy's  energy  program  is  structured  around  five  strategies  to 
meet  this  need:  energy  conservation,  adaptation  to  the  use  of  synthetic 
fuels  or  the  more  plentiful  natural  fuels,  utilization  of  alternate 
energy  sources  (such  as  solar)  to  enhance  energy  self-sufficiency, 
improvements  in  energy  distribution  and  allocation  for  optimal  effect 
on  fleet  readiness",  and  energy  management  planning. 


To  help  conserve  energy  in  the  Naval  shore  establishment,  the  Naval 
Facilities  Engineering  Command  (NAVFAC)  issued  NAVFACINST  M IOC .6  of  29 
March  1974,  "Shore  Facilities  Energy  Conservation  Survey  Program,"  which 
called  for  the  regional  NAVFAC  Engineering  Field  Division  (EFDs)  "to 
provide  the  required  technical  expertise  to*assist  Naval  activities 
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(1)  to  meet  the  Immediate  energy  consumption  reduction  goals  of  the 
federal  energy  conservation  program,  and  (2)  to  limit  the  adverse 
effects  which  specific  energy  shortages  would  have  on  fleet  support." 
This  instruction  was  amplified  by  NAVFAC  letter  102/JLD  of  7 January 
1976,  "Energy  Conservation  Surveys,"  to  extend  the  surveys  to  include 
investigation  of  more  basic  ways  to  reduce  the  requirements  for 
energy-intensive  operations,  provide  better  energy  control,  save  waste 
energy,  and  Introduce  alternative  energy  systems,  (for  example,  solar), 
where  appropriate. 

In  keeping  with  these  broader  objectives,  SRI  International  sug- 
gested to  Navy  officials  that  more  in-depth  surveys/studies  should  be 
undertaken  to  answer  the  following  questions  relating  to  the  basic 
functional  design  of  the  Navy  shore  activities: 


• What  is  the  current  relationship  between  energy  consumption  and 
end-product  output  at  typical  shore  activities? 

• To  what  extent  can  energy  use  be  reduced  without  interfering 
with  output? 

• In  a period  of  serious  energy  shortage,  what  reduction  of  out- 
put would  result  from  a range  of  substantial  constraints  on 
energy  use  below  this  threshold? 

• Which  kinds  of  shore  activities  and  which  locations  are  most 
vulnerable  in  this  respect? 

• What  effects  would  such  output  reductions  have  on  the  combat 
readiness  of  the  Fleet? 

• Which  shore  activities  are  associated  with  the  most  critical 
of  these- effects? 

• To  what  extent  are  energy-intensive  automated  processes  appro- 
priate when  energy  is  scarce  and  expensive? 

• How  much  energy  could  be  saved  if  currently  dispersed  shore 
activities  were  combined  or  relocated? 

• Could  energy  be  saved  by  contracting  to  industry  some  of  the 
work  now  performed  in-house? 

• How  will  future  trends  in  technical  development  and  energy 
prices  affect  the  answers  to  the  above  questions  over  the 
long  term? 
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It  was  suggested  that  answers  to  these  and  other  related  questions 
would  be  useful  to  Navy  decision  makers  in  (1)  making  short-  and 
long-term  plans  for  an  optimal  energy-conserving  configuration  of  the 
shore  establishment  in  an  era  of  energy  scarcity,  and  (2)  formulating 
optimal  energy  allocation  strategies  for  use  when  energy  supplies 
become  critical. 

As  a first  step  toward  answering  some  of  the  large  questions  posed 
above,  SRI  was  engaged  to  assist  the  Western  Division  of  NAVFAC  and  the 
Civil  Engineering  Laboratory  in  an  energy  conservation  survey  of  the 
Puget  Sound  Naval  Shipyard  (PSNS)  at  Bremerton,  Washington,  during  the 
period  1-4  March,  1977.  As  its  part  of  the  survey,  SRI  undertook  a 
limited  exploratory  effort  to  examine  (1)  the  effects  that  energy  con- 
straints would  have  on  the  shipyard's  output  of  ship  repair  services, 
based  on  the  yard's  current  functional  configuration,  (2)  how  the  yard's 
functional  configuration  might  be  modified  to  conserve  energy  over  the 
long  term,  and  (3)  how  the  findings  at  Puget  Sound  might  be  applied 
elsewhere  in  the  shore  establishment.  The  results  were  reported  in  an 
SRI  Special  Report,  "Energy  Conservation  Options  at  the  Puget  Sound 
Naval  Shipyard,"  dated  August  1977. 

As  a further  step  in  this  program,  in  September  1978,  the  Western 
Division  of  NAVFAC  again  contracted  SRI  to  perform  a limited  (3  man-weeks) 
study  at  the  Naval  Air  Station,  Moffett  Field,  California.  The  contract 
scope  of  work  is  quoted  below: 

"1.  The  scope  of  work  is  to  provide  investigation  and  study  of  Energy 
Conservation  through  functional  readjustment  in  the  shore  establishment. 

An  industrial  engineering/operations  research  approach  shall  be  emphasized 
and  shall  address  the  energy  related  aspects  of  the  basic  functional 
design  of  the  activity. 

All  engineering  services  shall  be  accomplished  in  accordance  with 
this  scope. 
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2.  The  geographic  scope  of  the  study  is  limited  to  NAS,  Moffet  Field 
with  the  primary  focus  of  the  survey  and  report  to  be  concentrated  on 
activities  in  Hangars  1,  2,  and  3« 

3.  A written  report  addressing  but  not  limited  to  the  following  ques- 
tions: 


a.  To  what  extent  can  energy  use  be  reduced  without  interference 
with  output? 

b.  How  will  future  trends  in  technological  development  and  energy 
prices  affect  the  answers  to  the  above  questions  over  the  long  term? 

c.  The  report  shall  include  specific  actions  or  renovation  pro- 
jects that  will  result  in  energy  savings.  These  projects  must  be  tech- 
nically proven  and  economically  justifiable. 


d.  The  study  shall  identify  and  analyze  the  consumption  history 
and  costs  for: 

(1)  Heating  fuels 

(2)  Electricity 

e.  The  analysis  shall  include  but  not  be  limited  to  the  effec- 
tiveness of  the  functional/operational  uses  of  the  following  systems: 

(1)  Lighting 

(2)  Air  conditioning 

(3)  Compressed  air 

(4)  Heating 

(5)  Ventilating 

(6)  Battery,  chargers 

(7)  Hoists  and  cranes.'* 


The  results  of  that  study  are  reported  herein 


II  RECOMMENDATIONS 


It  is  recommended  that  Moffett  Field: 

1)  Establish  an  Energy  Conservation  Organization  (ECO)  headed  by  an 
officer  who  will  be  responsible  directly  to  the  base  Commanding  Officer, 
thus  giving  energy  a degree  of  attention  commensurate  with  its  increasing 
importance  at  the  national  level.  This  organization  would  concentrate  on 
energy  related  problems  and  would  from  time  to  time  appoint  energy  monitors 
responsible  for  major  organizational  units.  Among  the  prime  duties  of  the 
ECO  would  be  to: 

• Develop  a long-range  master  plan  for  energy  use  and  conservation, 
which  would  serve  to  add  cc  esion  and  planning  to  energy-related 
activities  and  projects  at  he  Air  Station 

• Develop  a Load  Shedding  Plan 

• Develop  a plan  for  metering  energy 

• Work  closely  with  NAVFAC  (Western  Division)  to  take  advantage 
of  existing  documented  research  in  energy  conservation 

• Coordinate  with  other  air  stations  and  installations  so  as  to 
increase  the  pool  of  knowledge  in  this  area. 

2)  Develop  a comprehensive  Load  Shedding  Plan  to  cover  various  emer- 
gencies, organize  "exercise"  days  during  which  such  a plan  can  be 
implemented,  and  evaluate  the  plan's  usefulness. 


3)  Investigate  various  means  of  reducing  the  electrical  power  con- 
sumption of  the  FASOTRAGRUPAC  flight  simulators  including  their 
lighting  for  displays  and  associated  air  conditioning  systems  (see 
Section  IV-D).  Since  this  consumption  accounts  for  10-20$  of  the 
"ceiling"  demand  figure  of  6000kw  (beyond  which  the  tariff  rises 
very  steeply),  significant  savings  could  be  achieved  in  this  area. 
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4)  Explore  the  possibility  of  turning  off  the  air  conditioning  in  the 
Avionics  Facility  during  the  third  shift. 


5)  Repair  the  diesel  air  compressor  metering  unit  at  the  Engine  Test 
Facility. 


6)  Explore  the  cost-effectiveness  of  installing  a built-in  compressed 
air  system  to  start  all  P3C  aircraft  engines,  thus  saving  much  of  the 
fuel  currently  used  in  the  GTC  and  APU  systems  for  this  purpose. 

7)  Investigate  the  possibilities  of  a centralized  400  Hz  generating 
and  distribution  system. 


Ill  APPROACH 


SRI '3  study  team  consisted  of  William  Schubert,  Energy  Program 
Manager  at  SRI's  Naval  Warfare  Research  Center,  and  Manchi  S,  Colah, 
Senior  Research  Engineer  in  the  Engineering  Sciences  Laboratory. 

Dennis  Dickerson,  Utilities  Division,  WESTDIVNAVFAC , coordinated  SRI's 
efforts  for  WESTDIV. 

After  an  Initial  orientation  meeting  in  company  with  Mr.  Dickerson 
at  the  Air  Station  on  25  September  1978,  chaired  by  Ensign  R.  M. 

Torigoe,  USNR,  Moffett  Field's  Energy  Conservation  Officer,  the  SRI 
team  gathered  data  in  the  form  of  documents  and  notes  taken  from  direct 
observation  of  operations  and  from  interviews  with  the  following  Moffett 
personnel  in  their  workspaces  during  the  period  of  16-19  October  1978. 

ENS  R.  M.  Torigoe,  Energy  Conservation  Officer,  Public  Works  Dept. 
Robert  Pesavento,  Budget  Analyst,  Public  Works  Dept. 

Enrique  Pedraza,  Facilities  Planner,  Public  Works  Dept. 

Mark  McGlynn,  Administration  Director,  Public  Works  Dept. 

Ted  Olson,  Facilities  Engineer,  COMPATWINGSPAC  staff 
LT  (jg)  G.  W.  Brinkley,  Avionics  Dlv.,  Aircraft  Intermediate 
Maintenance  Dept.(AIMD),  NAS 
Chief  Walsh,  Production  Control,  AIMD 

Senior  Chief  Braden,  Ground  Support  Equipment  Maintenance  Division, 
AIMD 

LCDR  Gerald  Smelik,  Aviation  Training  Devices  (ATD)  Officer, 
FASOTRAGRUPAC,  Moffett  Detachment 
John  Hood,  Videotape  Production  Unit,  FASOTRAGRUPAC 
LCDR  Ken  Kirkwood,  Training  Dept.  Head,  FASOTRAGRUPAC 
ENS  Hough,  Power  Plants  Division,  AIMD 
Chief  Sheffield,  Airframes  Division,  AIMD 

ADI  Fred  Inman,  Engine  Test  Area,  Power  Plans  Division,  AIMD 
ENS  T.  P.  Shepersky,  First  Lieutenant,  VP-47 

ABH3  Brown,  aircraft  handler,  VP-47 
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A map  of  the  Naval  Air  Station,  Moffett  Field  Is  provided  In 
Figure  1. 

Moffett  Field  serves  as  the  base  for  land-based  anti-submarine 
warfare  aircraft  In  the  Pacific  region.  The  principle  tenant  Is  the 
Commander,  Patrol  Wings,  Pacific  (COMPATWINGSPAC)  who  commands  a 
headquarters  staff  and  seven  patrol  squadrons  (at  Moffett),  each 
using  nine  P3C  Orion  aircraft  and  twelve  fllghtcrews.  Each  squadron 
has  about  380  men.  The  aircraft  are  provided  with  organizational 
level  maintenance  at  each  squadron.  More  complicated  maintenance 
tasks  are  performed  by  the  Aircraft  Intermediate  Maintenance  Depart- 
ment of  the  Naval  Air  Station.  Depot  maintenance  of  the  P3Cs  Is 
conducted  at  the  Naval  Air  Rework  Facility  (NARF),  at  NAS,  Alameda, 
California. 

An  Important  support  unit  for  COMPATWINGSPAC  is  the  Fleet  Aviation 
Specialized  Operational  Training  Group,  Pacific  Fleet  (FASOTRAGRUPAC, 
Moffet  Detachment)  which  provides  ground  training  for  P3  crews  includ- 
ing classroom  Instruction  and  instruction  in  flight  simulators  located 
in  Hangar  1. 

In  our  brief  survey,  we  attempted  to  pursue  energy  conservation 
possibilities  In  the  hangar  area  to  a depth  beyond  obvious  solutions 
such  as  turning  down  thermostats  and  turning  off  unneeded  lights. 

The  approach  was  to  focus  observation  on  the  energy-related  activities 
In  the  shop,  and  training  areas  of  the  air  station  where  the  direct 
application  of  energy  to  aircraft  operations  support  occurs. 

Because  of  the  lack  of  adequate  metering  it  Is  difficult  to 
estimate  precisely  the  electrical,  steam,  or  gas  energy  used  by  the 
activities  we  investigated,  expressed  as  a percentage  of  the  total 
energy  used  at  the  Air  Station.  However,  we  estimate  that  Hangars 
1,  2,  and  3»  together  with  the  Aircraft  Intermediate  Maintenance 
Department  account  for  about  15-25%  of  the  total  electrical  demand 
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in  terms  of  KW.  There  are  undoubtedly  other  organizations  at  the  Naval 
Air  Station  which  individually  account  for  equally  substantial  quantities 
of  electrical  demand  (KW),  electrical  energy  (KWHR) , steam,  and  other 
types  of  energy.  These  must  be  investigated  at  some  point  in  time  in 
order  to  produce  meaningful  numbers  for  the  Air  Station  as  a whole. 

However,  our  study  effort  was  confined  to  the  areas  mentioned. 

We  saw  no  significant  opportunities  for  using  solar  energy  or  cogenera- 
tion at  Moffet  Field  in  our  limited  study,  though  a more  detailed  examina- 
tion may  uncover  some  possibilities,  especially  since  climatic  conditions 
are  extremely  favorable  toward  solar  energy  for  low-grade  energy  such  as 
domestic  hot  water.  Continuing  advances  in  solar  engineering  and  cogenera- 
tion technology  may  make  future  applications  more  economically  practical. 
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IV  FINDINGS  AND  COMMENTS 


A.  Energy  Conservation  Organization 

The  energy  conservation  organization  at  Moffett  Field  is  limited 
to  the  Energy  Conservation  Officer  in  the  Public  Works  Department. 

Energy  conservation  is  only  one  of  many  duties  borne  by  this  officer  and 
therefore  suffers  from  lack  of  adquate  attention.  Because  of  the 
increased  emphasis  being  given  to  energy  conservation  at  the  national 
level,  energy  conservation  over  the  whole  Air  Station  should  be  given 
more  management  emphasis  and  should  be  a frequent  topic  of  discussion  at 
the  Commanding  Officer's  management  meetings.  To  encourage  an  awareness 
of  the  need  for  energy  conservation  at  the  Air  Station,  an  energy 
monitor  should  be  appointed  for  each  major  organizational  unit  (including 
tenant  squadrons).  It  would  be  each  monitor's  duty  to  observe  instances 
of  energy  waste  in  his  assigned  area  and  to  report  these  to  local 
authority  and  suggest  corrective  action.  The  need  for  energy  monitors 
was  recognized  in  Appendix  A,  but  was  apparently  not  implemented. 


B.  Energy  Quantification 

It  became  quickly  apparent  in  our  brief  survey  that  there  is  a 
pressing  need  to  be  able  to  quantify  energy  usage;  for  example,  there 
is  widespread  concern  that  the  6000KW  electrical  demand  ceiling  (beyond 
which  costs  quickly  escalate)  may  soon  be  exceeded  on  a regular  basis. 

In  order  to  attend  to  this  problem,  one  must  be  able  to  identify  all  the 
sizeable  components  that  go  towards  making  up  the  total  demand.  In  the 
course  of  our  study,  we  have  identified  (by  indirect  means)  only  a few 
large  users  of  electrical  power*,  for  example,  the  flight  simulators 
in  Hangar  1,  which  we  believe  account  for  about  10-20$  of  the  total 
electrical  load.  Thi3  figure  must  be  verified  by  on-site  metering,  to 
measure  both  electrical  demand  (KW)  and  energy  usage  (KWHR);  metering 
is  now  provided  only  for  reimbursible  tenants. 

*The  scope  of  our  study  precluded  investigation  of  other  areas  (see 
Section  I). 
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We  suggest  that  a program  aimed  at  energy  quantification  be  imme- 
diately initiated;  this  could  be  accomplished  at  first  by  the  use  of 
portable  meters  to  identify  the  large  users,  followed  by  permanent 
meter  installations  later.  The  cost  of  installing  meters  is  generally 
a small  percentage  of  the  high  cost  of  electrical  power,  and  would 
greatly  aid  the  Energy  Conservation  Officer  in  his  duties. 


C.  Laad  Shedding  Plan 

There  is  a strong  need  for  a comprehensive  load  shedding  plan  at 
Moffett  to  cope  with  possible  future  energy  supply  interruptions.  This 
need  is  further  borne  out  by  instructions  from  COMTWELVE  (see  Appendix 
B).  The  preliminary  plan  developed  in  1977  was  not  officially  imple- 
mented (see  Appendix  A).  This  plan  is  much  too  abbreviated  to  be  of 
much  use;  for  example,  a detailed  listing  of  the  "key  locations"  of 
paragraph  V should  be  provided. 


A comprehensive  load  shedding  plan  should  include  such  items  as: 


• A description  of  the  categories  of  emergencies  covered  by  the 
plan  and  of  the  various  options  available  under  each  type  of 
emergency,  depending  on  systems  load  level,  time  of  year,  pro- 
bable duration  of  emergency,  available  advance  notice,  and  so 
forth. 

• The  delineation  of  authority  for  selecting  a given  emergency 
curtailment  plan  and  for  ordering  its  implementation.  A 
detailed  list  of  personnel  (together  with  alternates)  within 
each  organization  that  must  be  contacted  during  the  emergency. 

• Methods  for  coping  with  possible  local  emergencies  caused  by 
load  dumping,  such  as  bringing  local  generators  in  line,  dis- 
ruption of  vital  repair  facilities  (such  as  the  Avionics 
Maintenance  Facility),  and  so  forth.  The  Plan  should  also 
provide  some  analysis  of  the  magnitude  of  the  effect  of  various 
emergency  curtailment  plans  on  essential  operations  carried  out 
by  the  P3C  squadrons,  on  training  and  educational  programs,  on 
residential  and  social  activity,  etc. 
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D-  FASOTRAGRUPAC  Energy  Consumption 

The  FASOTRAGRUPAC  unit  in  Hangar  1 is  a major  user  of  energy  within 
the  area  surveyed  by  the  SRI  team.  The  unit's  operational  flight  simu- 
lators are  heavy  users  of  electric  power.  These  simulate  (on  the  ground) 
the  P3  crews'  flight  environment,  so  that  crew  training  may  be  carried 
out  without  the  dangers  and  heavy  expense  of  actual  training  flights  in 
the  aircraft  Itself.  The  fact  that  these  units  are  heavy  consumers  of 
electrical  power  must,  of  course,  be  weighed  in  the  proper  perspective 
against  the  even  heavier  aircraft  fuel  and  maintenance  savings  that 
they  make  possible.  FASOTRAGRUPAC  officials  estimate  that  P3C  flight 
costs  $325  per  hour,  whereas  an  OFT  simulator  operates  at  only  $60  per 
hour.  Further,  three  hours  of  operational  practice  against  a submarine 
require  seven  flight  hours  versus  three  hours  in  the  simulator. 

Figure  2 is  a layout  of  the  FASOTRAGRUPAC  ground  trainer  complex, 
showing  the  location  of  the  principle  training  devices.  In  addition 
to  these  trainers,  the  unit  also  operates  trainers  in  mobile  trailers 
located  on  the  opposite  (west)  side  of  Hangar  1. 

Table  1 shows  the  nominal  power  requirements  of  these  devices  as 
indicated  by  the  manufacturer's  performance  specifications.  According 
to  these  figures,  the  total  electrical  power  requirement,  if  all  systems 
were  operating,  would  be  1366KW,  or  about  23%  of  the  current  total 
electrical  power  demand  of  the  Naval  Air  Station  (approximately  6000KW). 

The  survey  team  discussed  the  utilization  of  the  trainers  with 
cognizant  officers  and  could  find  no  indication  of  significant  energy 
waste.  All  the  trainers  that  were  observed  to  be  in  the  "on"  condition 
were  in  use  by  students.  Appendix  C is  the  FASOTRAGRUPAC  simulator 
training  schedule  for  October  1978,  showing  the  heavy  utilization  (2 
shifts/day)  by  students  (the  third  shift  is  reserved  for  maintenance). 

Of  those  which  are  only  relatively  lightly  utilized,  the  2C45  is  a P3B 
trainer  and  has  less  call  for  its  use  since  the  Moffett  squadrons  are 
all  comprised  of  P3C  aircraft,  and  the  15Z1  radar  trainer  is  a 19**0s 
vintage  machine  that  is  an  inefficient  training  tool.  In  Appendix  C,  the 
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TABLE  1 


FASOTRAGRUPAC  Trainer  Power  Requirements 


EOmPMEKI 

zqmeil-  ja 

Weapon  systems  trainer  2F87(T)  #3 

72 

Weapon  systems  trainer  2F87(T)  #4 

72 

Non-acoustic  operator  trainer  14B40 

90 

Acoustic  operator  trainer  14B44 

92 

Operational  flight  trainer  2F87(F)  #1 

79.5 

Hydraulic  pump 

(60) 

Booster  pump 

(3.5) 

Control  loading  pump 

(8) 

Recirculating  pump 

(3.5) 

Heat  exchanger 

(4.5) 

Operational  flight  trainer  2F87(F)  #2 

79.5 

Visual  system  (Illuminated  terrain  simulation) 

108 

130  KVA  transformer 

96 

Room  lighting 

23 

Facility  air  conditioning  panel 

328 

Operational  flight  training  trailer  and 

computer,  2F69A 

74 

Air  conditioning  trailer,  2F69A 

92 

Operational  flight  trainer,  2F69D(F) 

60 

Operational  flight  trainer,  2F69D(T) 

67 

Shelter,  2F69D(T) 

20 

ESM  trainer,  15E16 

_LL_ 

TOTAL 

1,366  KW 

Note:  The  following  additional  trainers  are  being  used  but  their 
power  ratings  were  not  available  to  the  survey  team: 

P3B  flight  trainer,  2C45;  Radar  trainer,  15Z1;  14B13  trainer 
(Room  106) 
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numbers  appearing  in  the  schedule  refer  to  the  squadron  number  from 
which  the  student  came:  "FA"  means  FASOTRAGRUPAC,  and  "CPW"  means 
COMPATWINGSPAC  staff.  The  energy  conservation  monitoring  organization 
suggested  by  SRI  would  serve  to  insure  that  these  high  power  machines 
are  turned  off  or  left  to  idle  when  not  occupied  by  students. 

As  the  technology  of  flight  simulators  advances,  it  is  reasonable 
to  expect  some  reduction  in  the  power  consumption  of  these  machines. 

For  example,  a recent  development  called  GCI  (for  Computer  Generated 
Image)  can  be  used  as  a substitute  for  a picture  of  the  terrain,  such 
as  that  currently  provided  by  the  "visual  system,"  which  uses  about 
108KW  for  illumination  of  a large  3-dimensional  relief  map.  Since  the 
conversion  to  GCI  may  be  a long  term  process,  an  interim  measure  might 
be  to  install  more  efficient  lighting  (in  terms  of  luraens/watt)  in  order 
to  lower  electrical  consumption.  Thus,  while  mercury-fluorescent  and 
metal  halide  lamps  are  capable  of  about  57  and  63  lumens  per  watt, 
respectively,  high-pressure  and  low-pressure  sodium  lamps  are  capable 
of  from  1 30-180  lumens/watt  (see  Reference  1).  An  economic  analysis  to 
determine  the  payback  period  of  such  a project  would  need  to  include 
the  very  high  cost  of  electrical  power  incurred  once  the  BUREC  threshold 
of  6000  KW  is  exceeded  (see  Section  IV-E).  It  is  quite  likely  that 
this  threshold  will  be  exceeded  in  the  near  future,  since  we  were 
informed  that: 

• FASOTRAGRUPAC  is  expecting  to  install  40  advanced  teaching  units 
using  CAI  (Computer  Assisted  Instruction)  techniques,  which  will 
add  to  the  overall  energy  requirements. 

• An  Air  National  Guard  Unit  composed  of  600  men  flying  C-130 
aircraft  is  scheduled  to  be  relocated  to  Moffett  in  April-May 
1979,  and  this  will  also  add  to  training  requirements  and 
therefore  to  energy  consumption. 
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A notable  fact  connected  with  these  simulators  is  the  large  amount 
of  air  conditioning  power  used  for  the  computers,  data  processors,  and 
other  electronic  equipment;  the  magnitude  of  this  air  conditioning  load 
should  be  determined  and  an  attempt  made  to  significantly  lower  this 
load.  Owing  to  time  and  budget  constraints,  we  were  unable  to  pursue 
this  avenue  in  depth;  however,  a number  of  suggestions  for  improving  air 
conditioning  efficiency  follow: 


• Investigate  means  for  reducing  the  inlet  air  temperature  to  the 
air  conditioning  systems,  such  as  looking  for  locations  where 
the  air  temperature  is  a minimum,  especially  in  summer.  Such  a 
location  might  be  inside  the  hangar,  or  it  could  even  conceiv- 
ably be  outside  on  the  roof  of  the  hangar,  200  ft  above  ground 
level. 

• Discourage  smoking  in  air  conditioned  areas  so  that  ventilation 
rates  can  be  kept  to  a minimum. 

• Utilize  the  waste  heat  from  the  air  conditioning  condensers  in 
order  to  provide  a boost  for  domestic  hot  water  systems,  to 
provide  warm  air  for  the  reheat  process  during  air  conditioning 
or  to  supplement  the  space  heating  within  Hangar  1. 


E.  Qverall  Electricity  Costs 

Figure  3 shows  monthly  electrical  demand  delivered  during  FYs  1975, 
1976,  and  1977.  Figure  4 shows  average  daily  metered  kilowatt  demand 
delivered  by  hour  of  the  day.  Tables  2 and  3 show  the  Moffett  utilities 
summaries,  by  month,  for  FYs  1977  and  1978  respectively.*  These  figures 
indicate  an  appropriate  trend  to  reduce  demand  power  level  and  electrical 
power  consumption  at  the  Air  Station.  However,  the  Air  Station's  current 
power  contract  with  the  Centr.  Valley  Power  Project,  a unit  of  the 
Bureau  of  Reclamation  (BUREC),  permits  . w'-t  to  demand  a maximum  of 
6000KW  at  Central  Valley's  traditionally  low  rates,  and  even  these  low 
rates  are  on  the  increase  (see  Table  4).  Whenever  Moffett's  demand 


Note  that  total  electricity  costs  include  mainly  electricity  purchased 
from  the  Bureau  of  Reclamation  as  well  as  smaller  purchases  of  electrical 
power  from  PG&E. 


Source:  Public  Works  Department,  Moffett  Field,  CA 


FIGURE  4.  AVERAGE  ELECTRICAL  HOURLY  DEMAND 


Source:  Public  Works  Department,  Moffett  Field,  CA 


Gross  Summary  Utilities,  FY78 
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Source:  Public  Works  Department,  Moffett  Field,  CA 


TABLE  4 


ELECTRIC  RATES  FOR  THE  CENTRAL  VALLEY 
PROJECT  FOR  NONLOAD  GROWTH  CUSTOMERS 


FORMER  RATE:  (prior  to  1 May  1978) 

Demand:  $0.75  per  kilowatt 

4 MILLS/KWHR 
3 MILLS/KWHR 
2 MILLS/KWHR 


Energy:  First  1 30  KWHR  per  KW 
Next  130  KWHR  per  KW 
All  additional  KWHR 


INTERIM  RATES: 

Demand:  $2.00  per  kilowatt 


Energy:  For  period  1 May  78  to  31  March  79  4.20  MILLS/KWHR 


For  period  1 April  79  and  thereafter 


5.75  MILLS/KWHR 


exceeds  approximately  6000KW,  the  additional  load  is  to  be  provided  by 
Pacific  Gas  and  Electric  Co.  at  relatively  nigh  unit  costs,  according  to 
the  latest  PG&E  contract  for  supplemental  electric  service  for  Moffett, 
dated  1 October  1977.  The  rate  schedule  for  PG&E  supplemental  service 
is  shown  in  Table  5. 

It  is  clear  that  the  costs  for  instantaneous  power  level  demand  and 
electrical  energy  use  are  rapidly  increasing,  and  the  need  for  close 
local  control  of  consumption  by  Moffett  officials  is  obvious.  Up  to  the 
present  time,  the  unusually  low  BUREC  rates  have  made  it  difficult  to 
economically  justify  energy  conservation  projects.  During  the  SRI 
visit,  the  electrical  power  demand  monitoring  device  was  indicating  a 
current  demand  of  5900KW.  With  the  addition  of  the  new  600-man  Air 
National  Guard  unit  flying  C-130  aircraft,  scheduled  to  be  relocated  to 
Moffett  in  April-May  1979,  the  6000KW  BUREC  limit  will  most  probably  be 
exceeded,  unless  stringent  conservation  measures  are  applied. 


F.  Energy  Coas.uRBtlon.  .la.  Jtlie- Alr.cj:af t Intermediate.  Maintenance 
Department  ■ MAS 

1.  Avionics  Maintenance  Facility 

The  Avionics  Maintenance  Facility  provides  intermediate  level  main- 
tenance on  all  avionics  equipment  used  by  the  P3C  squadrons  of  PATWINGSPAC. 
Its  chief  use  of  energy  is  in  maintaining  around-the-clock  air  conditioning 
of  the  large  work  spaces. 

The  SRI  survey  team  toured  the  facility  and  discussed  with  officials 
the  degree  of  utilization  of  the  test-and-repalr  positions.  This  was 
done  with  a view  toward  suggesting  work-shift  adjustments  that  might 
permit  savings  in  energy  use  for  air  conditioning. 
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TABLE  5 


PG&E  SUPPLEMENTAL  SERVICE  RATES 


Per  Month 

Per  Meter 


Demand  Charge: 


First  1,000  KW  of  billing  demand  $2,465.00 

Over  1,000  KW  of  billing  demand,  per  KW  1.75 

Energy  Charge:  (in  addition  to  the  demand  charge) 

First  100  KWHR  per  KW  of  billing  demand,  per  KWHR  .01188 

Next  200  KWHR  per  KW  of  billing  demand,  per  KWHR  .00728 

All  excess,  per  KWHR  .00528 


Minimum  Charge: 

The  Demand  Charge  constitutes  the  Minimum  Charge. 
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It  was  determined  that  the  current  two  shifts  per  day  work  schedule 
(with  the  third  shift  being  used  for  maintenance  of  the  facility  and  its 
test  equipment)  is  probably  a minimum  schedule  to  maintain  the  required 
output.  As  shown  in  Figure  5,  there  is  a substantial  backlog  of  work  at 
the  facility,  indicating  a full  utilization  of  two-shift  resources*. 
However,  the  backlog  is  gradually  decreasing  and  this  may  eventually 
afford  an  opportunity  to  cut  back  to  one  shift.  Even  now,  it  would  be 
possible  to  turn  off  the  air  conditioning  equipment  during  the  third  or 
maintenance  shift  if  fewer  test  sets  were  left  in  power-on  condition 
during  that  shift,  thus  heating  the  workspaces.  It  was  explained  by 
AIMD  personnel  that  these  equipments  are  left  "on"  because  (1)  it  would 
take  one  to  two  hours  of  warm-up  time  to  put  them  into  stabilized  oper- 
ating condition  for  use  on  the  next  regular  operational  shift,  and 
(2)  the  equipments  would  require  excessive  maintenance  (if  they  were 
turned  off  during  the  third  shift)  due  to  increased  sub-system  deter- 
ioration associated  with  on-off  cycling.  The  problem  of  warm-up  time 
could,  of  course,  be  handled  by  arranging  for  the  third-shift  maintenance 
crew  to  turn  the  equipments  on  about  two  hours  before  the  end  of  that 
shift.  Among  the  equipment  that  are  currently  left  "on"  24  hours  per 
day,  five  days  per  week,  are: 

a)  18  USM-207  frequency  converters 

b)  1 APM-314  simulator  radar  test  set 

c)  3 UPM-137  IFF  test  benches 

d)  1 USM-449  automated  test  set  (10KW  average  power  rating). 


Assuming,  of  course,  that  the  available  resources  are  being  effectively 
applied  to  the  work.  Such  a determination  was  outside  the  scope  of  this 
study. 


! 
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23  OCT  1 30  OCT  . J . 6 N'OV 


2.  Ground  Support  Equipment  Pool 

This  unit  maintains  all  the  ground  support  equipment  used  by  the 
operating  squadrons.  Energy  consumers  include: 

a)  A 5 hp  tow  bar  tester 

b)  A 20KW  arc  welder,  used  about  3 hrs  per  week 

c)  A 1KW  rod  drying  oven. 

The  metal  buildings  housing  this  unit  will  be  replaced  by  a new  GSE 
complex  planned  for  occupancy  in  1981  or  1982. 


3.  lower . Plants  (Aircraft.  Engines ) Division 

This  unit  performs  intermediate  maintenance  on  about  50  of  the  P3C 
engines*  per  year.  At  this  activity,  they  do  not  disassemble  the 
engine  compressor  (power  section,  torqi’e  meter,  gear  box);  such  repairs 
are  reserved  for  depot  maintenance  at  NARF,  Alameda.  Energy  users  in 
this  unit  include  a 30  hp  propellor  control  test  stand  which  operates 
about  4 hrs  per  day. 


4.  Airframes  Plvlalon 

This  unit  performs  metal-bending,  welding,  and  machining  operations 
on  a 1-shift  per  day  basis.  Energy  users  include: 

a)  A 7KW  metal  shear  used  about  0.5  hrs  per  day 

b)  A 46KW  arc  welder  used  about  4 hrs  per  day 

c)  A 25  hp  milling  machine  and  two  9KW  lathes,  all  used  a total  of 
8 hrs  per  day 

d)  Two  5KW  ovens  used  about  8 oven  hours  per  day. 


*T56  turbo-prop  engines,  4600  shaft  horsepower,  manufactured  by 
Allison  Division,  General  Motors  Corp. 


5.  Engine  Tsat  Facility 

This  unit,  consisting  of  an  open-air  T56  engine  test  stand  In  a 
remote  area  of  the  Station,  Is  currently  using  a GTC-85  gas  turbine 
compressor  unit  to  start  the  T56  engines  (with  compressed  air)  because 
Its  normal  diesel-powered  compressed  air  unit  Is  temporarily  disabled. 
About  three  engines  per  week  are  tested  here.  Test  personnel  explained 
that  the  GTC-85  unit  uses  about  320  gallons  of  JP-5  fuel  per  month 
versus  the  30  gallons  per  month  normally  required  by  the  diesel  unit. 
Until  the  diesel  unit  Is  repaired,  this  constitutes  an  unnecessary  net 
expenditure  of  290  gallons  of  JP-5  fuel  per  month. 

In  addition,  the  GTC-85  gas  turbine  compressor  produces  hot  com- 
pressed air,  so  that  the  test  start  must  be  limited  to  about  one  minute, 
for  safety  reasons.  This  means  that  If  a successful  start  Is  not 
achieved  within  a minute,  the  compressor  must  be  allowed  to  cool  and 
the  procedure  repeated.  (The  diesel  unit  pumps  compressed  air  Into 
large  tanks  and  therefore  produces  cold  air  for  engine  starts.)  A 
minor  repair  of  the  diesel  compressor  metering  unit  could  solve  this 
problem. 


G.  Energy:  Consumption  In  Squadron  Ground  Operations 

The  SRI  team  visited  P3C  squadron  VP-47  (located  in  Hangar  3) 
which  was  taken  to  be  representative  of  the  seven  VP  squadrons  operat- 
ing out  of  Moffett  Field.  Typical  energy  users  in  VP-47  Include: 


a)  Two  MMG-1A  mobile  electric  power  plants,  each  rated  at  7KW,  used 
about  2 hours  per  day. 

b)  Floodlights  on  the  outside  wall  of  Hangar  3 are  turned  "on"  all 

night  seven  nights  per  week  to  illuminate  the  outside  apron  area. 

c)  One  NC-1Q-B  diesel  powered  ground  power  unit,  rated  at  6KW,  uses 

about  10  gallons  of  fuel  per  hour  of  operation. 


d)  One  GTC-85  gas  turbine  compressor  supplies  compressed  air  for 
engine  starting  on  the  flight  line.  This  unit  Is  used  only  as  a 
backup  when  the  P3C's  own  auxiliary  power  unit  (APU)  Is  Inoperable. 
VP-47  uses  the  GTC  for  engine  starting  about  once  a day.  A GTC 
unit  consumes  about  40  gallons  of  JP-5  per  hour  of  operation.  At 
an  estimated  30  minutes  of  operation  per  start,  this  unit  comsumes 
20  gallons  of  JP-5  per  day.  (We  understand  that  NAS,  Miramar  has  a 
built-in  compressed  air  system  for  starting  aircraft.) 

e)  One  T180F  aircraft  tow  tractor,  uses  5 gallons  of  MOGAS  per  day. 

f)  One  TA-75  aircraft  tow  tractor  uses  about  5 gallons  of  MOGAS  per  day. 

g)  The  APU  In  each  P3C  aircraft  uses  50  gallons  per  hour  of  operation, 
(and  operates  about  3 hours  per  day  when  the  plane  is  on  the  flight 
line),  or  some  150  gallons  of  JP-5  per  day. 

h)  One  NC-12  diesel  powered  ground  power  unit,  uses  about  8 gallons 
per  hour  of  operation. 


h.  Other  Potentially  Beneficial  fjaJLggJa 

The  Naval  Air  Station  has  proposed  a number  of  other  projects 
including  the  following  Items  which  offer  opportunities  for  energy 
savings  In  the  hangar  area: 


ni . Existing  frale.cjts. 

a.  Programmed--  ECIP.  MC.QR.  .Proleata 

(1)  P-126  "Hangar  1 Heating  Impovements. " This  FY78  project  will 

reduce  the  amount  of  energy  necessary  to  heat  various  areas  of  Hangar 
1 by  providing  individual  automatic  control  valves,  set  back  controls, 
suspended  ceilings  and  insulation.  It  will  reduce  the  base  energy 
consumption  approximately  0.7  percent  from  the  FY73  baseline  consumption 
and  represents  a savings  of  $11,551  in  FY78  energy  costs. 

b.  llnnrogrammed— F.CIP  MCON  Projects 

(1)  P-180  "Insulate  Ceilings/Attics,  16  Bldgs."  This  project  was 

submitted  for  FY80  funding  but  has  not  been  programmed  yet.  It  will 
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install  R— 1 9 insulation  in  the  ceilings/attic  spaces  of  16  buildings, 
Including  the  heated  spaces  of  Hangars  1,  2,  and  3.  The  project  is 
expected  to  reduce  the  base  energy  consumption  approximately  1.7  per- 
cent from  the  base  energy  consumption  and  will  represent  a savings  of 
approximately  $46,600  in  FY80  energy  costs. 

2.  Proposed  Projects 

a.  ECIP — MCON  Pro.lects 

P-185  Reflective  Deck  Finish  for  Aircraft  Maintenance, 

Hangars  1,  2,  and  3 $130,000 

P-188  Hangar  1 heating  system  improvements  $172,000 

b.  Energy  Conservation  Items. for  Local  Funding  and/or 

Implementation 

(1)  Metering  of  Tenant  Activities.  There  is  no  incentive  to  practice 
energy  conservation  when  an  estimate  is  used  for  utility  billing.  When 
a manager  or  comptroller  of  a tenant  can  see  the  change  in  utility  bill- 
ing based  upon  conservation  efforts,  there  will  be  more  attention  to  the 
conservation  effort.  For  this  reason,  metering  should  be  considered 
when  applicable. 

(2)  Hangar  Lighting  Controls.  It  was  noted  during  the  various  inspec- 
tions that  the  hangars  had  their  lights  on  during  the  day.  There  is 
sufficient  daylight  during  much  of  the  day  to  permit  these  lights  to  be 
turned  off.  Human  failings  being  what  they  are,  they  require  automatic 
control  devices  to  do  the  work  that  the  occupant  will  not.  A photo 
cell,  magnetic  contactor,  momentary  contact  push  button  and  timer 
switch  may  cost  $500  per  hangar  bay.  The  power  required  to  light  each 
hangar  bay  may  approximate  50  KW.  If  the  lighting  conditions,  door 
positions,  work  locations  and  weather  were  such  that  they  permitted 
the  automatic  control  devices  to  function  for  83  ten-hour  days,  the 
energy  saved  would  pay  for  the  cost  of  the  installation. 
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50  KW  X 10  hours/day  X 83.3  days  X $0. 012/KWH  = $500  installed  cost 

(3)  Reflective  Roof  Coatings.  A suggestion  was  made  that  the  applica- 
tion of  a reflective  roof  coating  would  provide  both  energy  and  cost 
savings.  Independent  laboratory  test  results  have  indicated  that 
reductions  of  15  F or  more  in  maximum  temperatures  when  exposed  to 
solar  heating,  were  obtained  by  treating  a black,  bituminous  surface 
with  a suitable  reflective  coating.  This  indicates  that  both  cooling 
and  heating  energy  can  be  saved  by  this  application. 

(4)  Use  of  Skylights.  The  use  of  artificial  lighting  can  be  eliminated 
in  many  areas  of  buildings,  hangars  and  warehouses  by  the  increased  use 
of  skylights." 


c.  ££MT_l>j.ppfl3,alg 

A private  contractor  has  performed  a preliminary  economic  analysis 
aimed  at  replacing  existing  400  Hz  motor  generator  sets  with  a central- 
ized 400  Hz  4 1 60  V generating  system,  with  distribution  to  aircraft 
operation,  maintenance  and  repair  facilities  throughout  the  Station. 

The  study,  prepared  in  April  1978,  concludes  that  this  arrangement 
would  result  in  a substantial  yearly  dollar  and  energy  savings  (see 
Appendix  D).  While  time  and  budget  constraints  precluded  a detailed 
analysis  of  this  study,  we  offer  the  following  comments: 


• The  study  was  not  exhaustive  enough  to  warrant  a firm  basis 
for  a course  of  action;  the  author  has  not  considered  or 
attempted  to  quantify  the  respective  benefits  and  disadvantages 
of  the  two  alternatives.  For  example,  a breakdown  of  the 
centralized  distribution  system  would  completely  disrupt  main- 
tenance operations,  whereas  breakdowns  in  the  present  equipment 
are  spread  randomly  over  several  units  and  over  an  extended 
time  period. 

• The  cost  figures  should  be  supported  by  data  reflecting 
industry-wide  average  costs  for  comparable  equipment. 
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• "Discounted  annual  costs"  is  a confusing  misnomer;  it  should  be 
called  "discounted  15-year  O&M  costs." 

• Total  currently  installed  motor/generating  capacity  is  438  KVA, 
not  383  KVA,  pg.  D-4. 

• No  operating  personnel  costs  are  considered  in  the  analysis. 

• There  is  no  consideration  of  equipment  replacement  for  the 
centralized  system. 

• The  problem  of  interference  (for  example,  with  communications 
equipment)  arising  from  the  use  of  a centralized  400  Hz  system 
has  not  been  considered. 

• The  study  did  not  consider  the  inflation  rate  for  electricity. 

To  conclude,  more  exhaustive  engineering  analysis  must  be  performed; 
frequency  conversion  devices  using  modern  solid-state  circuitry  with 
higher  efficiencies  and  reliability  are  viable  alternatives  to  the 
present  motor-generator  sets. 
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APPENDIX  A 

187  :CFW:cl 
5 Jul  1977 


MEMORANDUM 


From:  ENS  Winsor 

To:  Public  Works  Officer 

Subj : Load  Shedding  Plan 

Ref:  (a)  COMTWELVE  message  R132313Z  Jun  77 

Enel:  (1)  Electrical  Load  Shedding  Contingency  Plan 

1.  In  accordance  with  reference  (a),  each  command  in  Northern  California 
has  been  tasked  with  developing  a Load  Shedding  Contingency  Plan  for 
electrical  usage  during  the  summer,  1977.  I believe  that  the  implementation 
of  any  load  shedding  plan  should  be  accompanied  with  the  appointment  of  a 
departmental  or  tenant  command  unit  conservation  monitor  with  alternate 

for  each  building  on  station  in  order  to  provide  adequate  monitoring  and 
accountability  for  subject  plan.  NAS  Miramar  has  already  successfully 
done  this  on  a station-wide  level. 

2.  Enclosure  (1)  outlines  some  specific  procedures  in  order  of  increased 
emergency  conditions  to  be  implemented  progressively  as  the  crisis  for 
energy  increases  according  to  PG&E  supply  capability. 


C.  F.  WINSOR 


EI.ECTRICAL  LOAD  SHEDDING  CONTI NGENCY  P LAN 

In  the  event  of  a threatened  or  actusl  energy  shortage,  NAS  Moffett  Field 
will  progressively  implement  the  following  measures  in  order  to  meet  the 
crisis  or  help  reduce  the  potential  for  a more  serious  crisis  (note.  Step 
II  will  only  be  implemented  if  Step  I action  does  not  produce  desired  results, 
etc. ) : 

I.  Operate  all  working  spaces  on  a minimal  level  of  energy  usage. 

a.  Reduce  all  lighting  by  50%  (Secure  appropriate  circuit  breakers) . 

b.  Eliminate  all  unauthorized  convenience  appliances. 

c.  Secure  all  energy  using  machines  when  not  actually  in  use 
where  possible. 

d.  Monitor  all  spaces  periodically  during  the  day  to  eliminate 
energy  waste  where  possible  (this  should  be  done  by  a departmental  or 
building  energy  monitor  who  is  specifically  appointed  by  the  commanu) . 

II.  Secure  all  personnel  comfort-type  air  conditioning?  (Where 
possible,  separate  compressor  pump  circuits  from  ventilation  fan  circuit 

to  allow  necessary  ventilation  for  some  types  of  buildings.)  The  following 
buildings  are  the  most  likely  candidates  on  station  but  this  list  in  not 
necessarily  all  inclusive:  Building  number  - 3 ("O"  Club);  14  (NIS) ; 

17  (COMPATWINGSPAC) ; 25  (Beauty  Salon);  144  (NEX  Warehouse);  240  and  241 
(NEX  Personnel) ; 243  (CPO  Club) ; 244  (EM  Club) ; 476  (NEX  - Main  Store) ; 

503  (HEX  Gas  Station) ; 525  (Bowling  Alley) ; 529  (TV  Repair  Shop);  546 
(Dispensary) 

III.  Completely  secure  the  following  buildings  or  sections  of  buildings: 
Building  number  - 3 ("O"  Club);  25  (Station  theater  and  beauty  shop); 

243  (CPO  Club);  244  (EM  Club);  476  (NEX  Cafeteria);  544  (NEX  II  Delicatessen); 

525  (Bowling  Alley) ; 543  (Craft  Hobby  Shop) ; 554  (Auto  Hobby  Shop) ; 2 (Gymnasium) ; 
557  (Moffett  Station  - Chick  Inn)  ; Hangar  III  Cafeteria. 

IV.  For  severely  critical  energy  crises,  only  those  functions  vitally 
necessary  for  mission  of  the  station  would  operate.  Those  functions  which 
would  be  secured  are  as  follows: 

a.  All  clubs  as  before 

b.  All  recreational  facilities 

c.  All  special  services  facilities  including  laundry 

d.  All  NEX  and  Commissary  facilities 

e.  Others  as  required! 

V.  IN  THE  EVENT  OF  A TOTAL  BIACKOUT,  AUXILIARY  GENERATORS  SHOULD  BE 
BROUGHT  IN  TO  KEY  LOCATIONS. 


Enclosure  (1) 
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APPENDIX  B 


IBIS  PAGE  IS  BEST  QUALITY  PRACTICABLE 
moil  COPY  RKtULSKED  TO  DDC  _ — ' 


ROUTINE  •UNCLASSIFIED* 
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TO  AlTUELVE 

I NF  C RUU’NSA  A/KE  STN  AVF  ACENGCOM  SAN  BRUNO  CA 
BT 

UMCLAS  //N1130D// 

AL TWELVE  016/77 

£ L E C_L  C'AD  SHEDDING  CONTINGENCY  PLANS 

A.  NAVFACINST  4100.6  OF  2S  MAR  74  E NCL  (6) 

1.  THIS  MSG  DISCUSSES  THE  POSSIBILITY  OF  ELECTRICAL  BROVNOUT/ 
BLACKOUT  SITUATIONS  OCCURRING  THIS  SUMMER  IN  NORTHERN  CALIFORNIA 
AND  URGES  THE  RAPID  UPDATING  OF  SUBJECT  PLANS. 

2.  THIS  YEAR,  UUE  TO  THE  EXTENDED  DROUGHT  CONDITION  IN  NORTHERN 
CALIFORNIA,  LIMITED  HYDROELECTRIC  POWER  WILL  BE  AVAILABLE  TO 
NORTHERN  CALIFORNIA  UTILITIES  RESULTING  IN  THE  INCREASED  LOCAL  USE 
OF  FOSSIL  FUELS.  IN  THE  PAST,  PACIFIC  GAS  AND  ELECTRIC  CO.  EPGKE) 
GENERATED  40  OF  ITS  ELECTRICITY  FROM  HYDROPOWER;  TODAY*  ONLY  25 

CF  ITS  GENERATION  COMES  FROM  HYDROPOWER.  PGSE  HAD  RECENTLY  RECUESTED 
ITS  CUSTOMERS  TO  IDENTIFY  LOADS  THAT  CAN  HE  VOLUNTARILY  REDUCED. 

THEIR  ACTION  PORTENDS  THE  POSSIBILITY  OF  A SUMMER  BROWNOUT  OR 
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BLACKOUT  SITUATION  IF  VOLUNTARY  LOAD  REDUCTION  HAS  NOT  BTEN  ACHIEVED. 
ADDITIONALLY,  an  INFORMAL  survey  indicates  that  a majority  of 
commands  in  the  district  that  may  be  severely  affected  3 Y AN 

ELECTRICAL  ENERGY  SHORTAGE  DO  NOT  HAVE  A CURRENT  LOAD  SHEDDING 

contingency  flan  enabling  all  mission  requirements  to  be  met  in  a 

REDUCED  ENERGY  ENVIRONMENT  ON  A CONTINUING  BASIS. 

3.  ALL  COMMANDS  LOCATED  IN  NORTHERN  CALIFORNIA  AR L F N JO  IN  E D TO 
DEVELOP  OR  UPDATE  ELECTRICAL  LOAD  SHEDDING  CONTINGENCY  PLANS  IN 
ACCORDANCE  WITH  REF  A.  ALL  OTHER  COMMANDS  IN  THE  DISTRICT  ARE 
URGED  TO  REVIEW'  THEIR  RESPECTIVE  ENERGY  SUPPLY  CONDITIONS  AND 
PROCEED  ACCORDINGLY  WITH  THE  DEVELOPMENT  OF  SUCH  PLANS. 
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APPENDIX  D 

ECONOMIC  ANALYSIS 
COMPARISON  OF 
EXISTING  OPERATING  METHODS 
versus 

CENTRALIZED  400  Hz  GENERATING  SYSTEM 


NAVAL  AIR  STATION  MOFFETT  FIELD,  CALIFORr 
Design  Alternatives 

A.  Continue  Existing  Operating  Methods 

B.  Centralized  400  Hz  Generation  and  Distribution  System 


Analysis  Summary 


ALTERNATIVES 


Initial  Investment  $352,979  $1,400,000* 
Discounted  Annual  Costs  $1 ,685,011  503.753 
Total  Present  Value  $2,037,990  $1,903,753 
* _ See  Cost  Estimating  Forms  - Worksheet  NAVDOCKS  2417A 


$1,400,000* 


Total  Present  Value 


3 . Conclusion . 

Alternative  "B"  is  selected.  Not  only  is  the  present-Value 
of  "B"  less,  its  yearly  cost  savings  are  impressive. 


Discounted  Annual  Savings  are 
Undiscounted  Annual  Savings  are 

4.  Recommendation. 


$1,181,258 

117,405 


Alternative  "B"  be  considered  for  a military  construction 
project  to  install  a Central  400  Hz  - 4l60  Volt  Generation  and 
Distribution  System.  Not  only  is  a potential  for  savings  in 
operating  funds,  but,  aircraft  servicing  will  be  much  improved. 
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. Initial  Investment  - Alternative  "A"  - Continue  Present  Method 

Annual  replacement  cost  of  existing  installed  motor  generators 
and  mobile  electric  power  plants  (MEPP)  is  based  on  the  assump- 
tion that  10#  will  be  replaced  annually,  and  is 

10#  of  554  KVA  = 55.4  KVA  @ $250*=  $13,850  installed  MGs 
10#  of  36O  KVA  =36.0  KVA  © $560*=  $20,160  mobile  MEPPs 

$34,010 

* Per  "Feasibility  Study  Of  A 400  Hz  - 4l60  Volt  - Three 
Phase  Electrical  Power  Generation  and  Distribution  System" 

Jaros,  Baum  & Bolles  Consulting  Engineers,  February  1977 
Contract  Mo.  00025-76-C-001 

APUs  (Auxiliary  Power  Units)  of  the  type  used  in  P-3  aircraft 
are  the  same  type  used  in  some  commerical  aircraft.  Airline 
information  indicates  that  APUs  depreciate  at  a value  of 
$2,334  per  operating  hour.  The  replacement  cost  per  year 
for  the  APUs  in  the  12  aircraft  involved  in  this  analysis  is 

12  aircraft  X 1 hour  a day  X 365  days  X $2,334  = $10,223 

The  total  annual  replacement  cost  of  400  Hz  power  generating 
equipment  is 

$13,850  installed  + $20,l6o  MEPPs  + $10,223  APUs  = $44,233 
5 . 1 Discounted  Annual  Cost 

The  discounted  annual  cost  for  annual  equipment  replace- 
ment is 

; 4,233  x 7.98  = $352,979 

6 . ' nitial  investment  - Alternative  "3"  Central  System 

The  budgetary  cost  of  a military  construction  program  to 
install  a Central  400  Hz  - 4l6o  Volt  Generation  and  Distribu- 
tion System  is  shown  in  detail  on  cost  estimating  worksheet, 


and 

is 

$1,400,000 

7. 

Energy  Costs 

Alternative  "A" 

$106,752 

Alternative  "B" 

50,142 

8. 

Maintenance  Costs 

Alternative  "A" 

$73,406 

Alternative  "B" 

12.985 
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9 . Discounted  Annual  Cost  (Present  V.'orth  of  0 and  M Costs) 

9.1  The  discounted  annual  cost  procedures  are  as  presented  in 
"Feasibility  Study  Of  A 400  Hz  - $160  Volt  - Three  Phase 
Electrical  Power  Generation  And  Distribution  System"  Jaros, 
Baum  &.  Bolles  Consulting  Engineers,  February  1977,  Contrat  No. 
00025-76-C-001. 

Electricity  and  Maintenance.  From  Table  B - Present-Value 
Tables  of  Appendix  D,  NAVFAC  P-442,  the  "Cummulative  Uniform 
Series"  the  factor  7*980  is  selected.  (Inflation  rate  is  not 
considered;  Discount  rate  10/S  annually  for  15  years) 

Fossile  Fuel . From  Table  7 of  Appendix  E,  NAVFAC  P-442,  the 
"Cummulative  Uniform  Series"  the  factor  12.278  is  selected. 
(Inflation  rate  of  Discount  rate  of  10?S  annually  for 

15  years) 

9.2  The  discounted  annual  costs  are 


ALTERNATIVE  "A"  ALTERNATIVE  "B" 


Electricity 

7.98  X $49,202  = $392,632  7.98  X $50,142  = 

Savings  7.501 

Fossile  Fuel 

12,278  X $57,550  = $706,599 


Savings 

Maintenance 

7. 98  X $73,406  = $585,780  7.98  X $12,985  = 

Savings 


Discounted  Annual  Cost 


$1,685,011 


$503,753 


$^0 0,133 


None 

$706,599 

$103,620 

$482,160 


9.3  Discounted  annual  savings  are  $1,181,258 

9.4  Undiscounted  annual  savings  are  117.405 


10.  Comments.  The  proposed  system  will  provide  a quantative 
improvement  in  aircraft  service  and  reduce  the  reliance  on 
mobile  equipment. 


Prepared  by 
M.T.  Hurst 
April  1978 
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The  purpose  of  this  economic  analysis  is  to  establish  the 
economic  feasibility  of  generating  400  Hz  electrical  power  at 
a central  location  and  distributing  that  power  at  4l60  volts 
to  aircraft  operation,  maintenance  and  training  facilities 
throughout  the  station.  It  has  been  proposed  to  replace 
existing  motor  generators  with  4l60  - 208Y/120  volt  stepdown 
transformers  and  where  possible  to  continue  to  utilize  exist- 
ing 120/208  volt  distribution  systems.  400  Hz  power  will  be 
provided  at  the  existing  aircraft  service  stantions  in  hangars 
to  eliminate  the  use  of  MEPPs.  (Mobile  Electric  Power  Plants) 
The  aircraft  parking  ramp  East  of  Hangar  3 will  be  provided 
with  400  Hz  power  which  will  eliminate  the  need  for  MEPPs  in 
that  area  as  well  as  to  reduce  the  use  of  aircraft  on-board 
AP'Js.  (Auxiliary  Power  Units) 

The  analysis  will  address  two  alternatives: 

1 . Plan  "A"  - Continue  Present  Method 

2.  Plan  "3"  - Central  System 


1 . 0 Plan  "A"  - Continue  Present  Method  - Energy  Cost 


1.1  The  total  available  capacity  of  installed  motor  generators 
at  NAS  Moffett  Field  is  assigned  as  follows: 


location 


Sty  & Cap  Op  Hrs 
0 -Derating  Per  Mo 
MG  in  KVA 


Sty  & Cap  Sty  & Cap 

Standby  Scare 

MG  in  KVA  MG  in  KVA 


Hangar  1 

2 

- 

30.00 

80 

1 

1 

- 

18.75 

730 

1 

2 

- 

25.00 

1460 

3 

1 

- 

30.00 

730 

3 

1 

- 

30.00 

100 

Bldg.  49 

1 

- 

60.00 

280 

49 

1 

- 

30.00 

280 

Bldg  300 

1 

- 

12.50 

730 

300 

1 

- 

37.50 

4 

515 

1 

- 

50.00 

280 

1 

- 50.00 

549 

1 

- 

60.00 

730 

1 

- 60.00 

PWD 

1 - 

60 .00 

13 

383-75 

~2 

110.00 

1 

60.00 

None  of  the 

above 

motor 

generators 

are 

used  to 

supply 

400  Hz 

power  to  aircraft. 


An  MG  set  running  100$  of  the  time  will  be  in  operation  730 
hours  per  month.  (8760  hours  per  year) 
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The  average  operating  time  for  each  INSTALLED  motor  generator  is 
5404  hours  4 13  units  = 415.7  hours  per  month 


Percent  operating 

time  is 

415.7  hours  4 

730  hours  = 

56 

.9  ?• 

Percent  operating 

time  is 

54C4  hours  4 

(730  hours  X 

13 

units)  = 56.9 

NOTE:  Operating  time  is  the  time  the  unit  is  running  whether 
or  not  it's  400  Hz  power  is  being  utilized. 

Average  KVA  spinning  and  connected  to  utilization  systems  is 

383.75  KVA  X .569  = 218.75  KVA 

The  total  available  KVA  is  the  sum  of  all  INSTALLED  motor 
generator  sets,  and  is 

333.75  KVA  + 110  KVA  + 60  KVA  = 553-75  KVA 


"'DTE : Peak  and  average  loads  supported  by  INSTALLED  motor 

generators  that  must  be  supported  by  the  central  system 
are  derived  from  .'.'aval  We  aeons  Engineering  Suooort  Act- 
ivity Report  3-73  " AIRCRAFT  GROUND  SUPPORT  4*00  Hz 


'.7ER 


- M. 


' “ E)  LT"  • *7 * • n ^ T’.r  'T  ^ nTfl'Ti 
; a.  /t  ^L.- : . i . o u AiiU.i 


1.2  The  peak  demand  that  will  be  placed  on  the  central  system 
to  support  the  systems  now  supported  by  installed  motor  gener- 
ators is  calculated  at  114  KVA 


1.2.1  The  average  load  (24  hours  a day-365  days  a year)  has 
been  estimated  to  be  10  fa  of  the  peak  load 
114  KVA  X .1  = 11.4  KVA 

1.3  Kotor  generator  losses,  for  the  types  in  use,  average  at 
least  20-;S  of  their  output  ratings  at  no  load.  Note  that  the 
power  factor  at  no  load  may  be  as  low  as  0.2  and  no  load  cur- 
rent may  be  as  high  as  40^  of  the  full  load  operating  current. 

1.4  Motor  generator  losses  are  additionally  proportional  to 
load,  providing  approximately  15#  additional  losses  at  full 
load . 

1.5  Total  motor  generator  losses. are  the  no  load  losses  in 
1.3  plus  the  porportional  losses  in  1.4. 

Based  on  1.1  and  1.3.  the  no  load  losses  are 

218.75  KVA  spinning  X .2  = 43.75  KVA  no  load  losses 
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based  on  l . 7 . 1 and  1.4,  the  proportion.il  additional  lor, nor.  are 
U.4  KVA  average  load  X . 1 5 * 1.71  KVA 

Oontinuous  powor  lonnon  are  then 

43.75  KVA  t-  1.71  KVA  45.4ft  KVA 


1.6  Total  oo  U.*,  powor  connumptlon  in  based  on  tho  summation 
of  400  Hv,  powor  u nod  plvir,  ftO  Hr,  rower  lost,  and  in 

45. 46  KVA  powor  loot  * tl.4  KVA  56.86  "Kif 

1.7  Total  yearly  60  Ha  powor  consumption  in 

56.86  "XT'  X 74  hour-?  X 365  days  4o8,oo4  "KWH" 


1.8  8a sed  on  tho  oxpectod  powor  cent  i n 1982 
t ho  yoarly  oor.t  of  60  Ha  powor  to  operate  tho 
generators  la 


408,004  " K’.VH"  X v . Oft  $79,886 


of  $.06  por  K'.VH 
install  od  motor 


1.9  Tho  00 a t of  viseful  400  Ha  power  in 
$70,886  -I*  (11.4  KVA  X 8760  hours) 


290  por  "KVAM" 


1.10  ly  atom 
11.4  KVA 


offooioncy  in 

r 56.86  20 S 


’.11  M/TPs  (Mobile  XI  oc  trie  Power  Plants) 

Mo  f f 0 1. t Ft  o Ld  an  fo  I I own  ! 


ansi. -rod 


Type 

Hy 

■* 

Average  Util  ir.ation* 
Per  Vovith 

rotal  Util.* 

VO  - 10  (Mess  1) 

1 1 

00  KVA 

H).7  Hr/Mo 

400  Hr/ Mo 

90-17  (Mosel) 

8 

l.'s  KVA 

72.6  Hr/Mo 

I81  Hr/Mo 

MMO-1  (Fleet.) 

16 

ftO 

77.3  iir/Mo 

1747  Hr/Mo 

Me  seln 

21 

r'8i  Hr/Mo 

Electrics 

1ft 

1747  Hr /'Mo 

Total 

!7 

187V  Hr/Mo 

Data  from  3-18  records 


It  is  intended  to  replace  all  MMO- 1 MEPPs  with  hangar  400  He 
distribution  systems  supported  by  the  central  generators. 

Four  *10-10  MEPPS  will  bo  eliminated  by  a 400  lla  distribution 
system  on  the  Fast  aircraft  parking  ramp. 

1.12  A review  of  aircraft  power  requirements  presented  in 
NAV'VPNKNOSUPPACT  Report  3—73  reveals  that  a P- 3 aircraft  pos- 
itioned in  a hangar  for  maintenance  will  require  on  an  average 
10  KVA  of  400  Hr.  power.  It  will  be  assumed  that  an  operating 
MISPP  connected  to  an  aircraft  will  be  supplying  10  KVA  80J  of 
the  time.  Therefor  the  average  power  supplied  is 
10  KVA  X .8  * 8 KVA 


p « 


1.13  3-M  data  reveals  that  l6  MMG-1  MEPPs  operate  a total  of 
1242  hours  a month.  The  average  daily  use  per  MMG-1  assigned 
to  a squadron  is  then 

(1242  hours  -f  lo)  4 30  days  = 2.6  hours  per  day 

1.14  It  can  1)0  deduced  that  each  MMG-1  assigned  to  a squadron 
supplied  an  average  of  8 XV A for  2.6  hours  each  day 

1.15  The  total  power  supplied  by  MMG-1 s each  day  was 

8 KVA  X l6  units  = 128  KVA  for  a period  of  2.6  hours. 

1 . 1 6 The  average  power  supplied  during  the  2.6  hours  oper- 
ating period  was  128  KVA  from  eauipment  with  a capacity  of 

16  units  X 60  KVA  = 9o0  KVA 

1.1?  If  the  average  power  supplied  during  the  2.6  hours  were 
spread  out  over  a 24  hour  day-365  day  year,  the  average  power 
output  would  be 

128  KVA  X (2.6  hours  4 24)  = 13-87  KVA  total  from  the  sum- 
mation of  the  outputs  of  all  l6  MMG-ls. 

1.13  Motor  generator  losses  for  an  MMG-1  is  about  20/S  of  its 
rated  output  at  no  load 

1.19  Motor  generator  losses  are  also  additionally  proportional 
to  load,  providing  an  additional  power  loss  at  full  load. 

1.20  Total  MMG-1  losses  are  the  no  load  losses  in  1.18  plus 
the  proportional  losses  of  1.19. 

Based  on  1.16  and  1.18,  the  no  load  losses  are 

960  KVA  X (2.6  hours  4 24  hours)  X .2  = 20.8  KVA 

Based  on  1.17  and  1.19.  the  proportional  losses  are 
13.87  KVA  X .15  = 2.08  KVA 

Continuous  power  losses  are  then 

20.8  KVA  + 2.08  KVA  = 22.88  KVA  average  each  24  hours 

1.21  Total  60  Hz  power  consumption  is  based  on  the  summation 
of  400  Hz  power  used  and  60  Hz  power  lost,  and  is 

13-87  KVA  used  + 22.88  KVA  = 36.75  "K’V" 

1.22  Total  yearly  60  Hz  rower  consumption  is 
36.75  "K'.V  X 24  hours  X 365  days  = 321,934  "KV/H" 

1.23  Based  on  the  expected  power  cost  in  1982  of  $.06  per  KWH 
the  yearly  cost  of  60  Hz  power  to  operate  the  MMG-1  MEPPs  is 

321.934  "KWH"  X $.06  = $19,316 
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1.24  The  cost  of  useful  400  Hz  power  is 

$19,136  4 (13-87  KVA  X 8760  hours)  = $.159  per  "KVAH" 

1.25  System  effeciency  is 

13.87  KVA  4-  36.75  "KW"  = 37 . 7>5 


1.26  The  combined  400  Hz  pov/er  output  from  all  electric 
power  motor  generator  sets  is 

11.4  KVA  installed  MGs  + 13-87  KVA  MEPPs  = 25-27  KVA 


1.27  The  combined  average  input  power  is 
56.86  "KW"  + 36.75  "KW"  = 93.61  "KW" 

1.28  The  combined  total  yearly  60  Hz  power  consumption  for 
installed  and  MSPP  units  is 

498,094  "KWH"  installed  + 321,934  "KWH"  MEPP  = 820,028  "KWH" 


1.29  Based  on  an  expected  power  cost  of  $.06  per  KWH,  the  com- 
bined yearly  cost  of  60  Hz  power  to  operate  installed  and 
MEPPs  is 

820,028  "KWH"  x $.06  = $49,202 


1.30  The  cost  of  useful  400  Hz  power  is 

02  4 ( 25.27  KVA  X 8760  hours)  = 


C*9 


222  oer  "XV AH" 


1.31  Systems  effeciency  is 

25.27  KVA  4 93.61  "KW"  = 273 


1.32  It  is  estimated  that  the  fuel  used  in  the  diesel  MEPPs 
will  cost  $.40  a gallon. 

1.33  Fuel  consumption  test  on  an  HC-10  revealed  the  following: 

60  KVA  load  for  1 hour  = 60  KVAH 
Fuel  used  = 5.5  gallons 

Specific  fuel  consumption  = 5-5  gal.  4 60  KVAH  = .092  gal/KVAH 
Cost  per  KVAH  =$.092  X $.40  = $.0368 


17.5  KVA  load  for  1 hour  = 17-5  KVAH 
Fuel  used  4 gallons 

Specific  fuel  consumption=  4 gal  t 17-5  KVAH  = $.229  gal/KVAH 
Cost  per  KVAH  = $.229  X $.40  = $.0916 

1.34  Appendix  "G"  of  "Feasibility  Study  For  A 400  Hz  - 4l60  Volt 
Three  Phase  Electrical  Power  Generation  and  Distribution  System" 
Jaros  Baum  & Bolles  gives  the  average  load  for  starting  and 
servicing  a P-3C  aircraft  as  17*5  KVA.  It  will  be  assumed  that 
when  the  NC-10  is  operating  that  17-5  KVA  of  400  Hz  power  is 
being  used. 
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1*35  3-M  records  indicate  that  each  NC-10  is  operated  30.7 

hours  per  month.  Four  NC-lOs  are  presently  used  to  supple- 
ment the  use  of  on-board  APU  (Auxiliary  Power  Unit)  for  air- 
craft system  check  out  on  the  ramp  East  of  Hangar  3*  This 
area  will  be  supported  by  the  central  system. 

1.3a  The  average  daily  use  per  NC-10  assigned  to  the  two 
squadrons  is 

30.7  hours  per  month  4 30  days  = 1.02  hours  per  day 

1.37  It  can  be  deduced  that  each  NC-10  assigned  to  a squad- 
ron supplied  an  average  of  17*5  KVA  for  1.02  hours  each  day. 

1.38  The  total  power  supplied  by  NC-10  each  day  is  • • .* 

17.5  KVA  X 4 units  = 70  KVA  for  a period  of  2.6  hours  daily 

1.39  The  average  power  supplied  during  the  1.02  hours  oper- 
ating oeriod  was  70  KVA  from  equipment  with  a capacity  of 

90  KVA  X 4 units  = 380  KVA 

1.40  If  the  average  power  supplied  during  the  1.02  hours 
were  spread  out  over  a 24  hour  day  - 385  Hay  year,  the  aver- 
age power  output  would  be 

70  KVA  X (1.02  hours  4 2k)  = 2.98  KVA 

1.4-1  The  yearly  cost  for  diesel  fuel  to  operate  the  four  NC-10 
is 

k units  X 30.7  hours  X 12  months  X 17.5  KVA  X $.0916  = $2362 

1.42  The  on-board  APU  is  used  extensively  for  ramp  mainten- 
ance and  system  check  out.  Airline  records  for  on-board  APU 
of  the  same  type  used  in  the  P-3  indicate  that  the  APU  fuel 
cost  per  hour  is 

35gph  X $.38  per  gal  = $12.60 

1.43  It  is  estimated  that  the  APU  of  each  aircraft  on  the  ramp 
will  operate  an  average  of  1 hour  per  day  to  provide  400  Hz 
power  exclusive  of  air  conditioning.  The  yearly  fuel  cost  for 
the  12  aircraft  that  are  expected  to  occupy  the  ramp  is 

1 hour  X 12  aircraft  X 365  days  X $12.60  = $55,188 

1.44  If  the  average  power  supplied  during  the  1 hour  period 
(17*5  KVA)  were  spread  out  over  a 24  hour  day  - 385  day  year, 
the  average  power  output  would  be 

(17.5  X12)  X (1  4 24)  = 8.75  KVA 

1.45  The  total  yearly  cost  of  fossile  fuel  is 
$2362  for  NC-10  + $55,188  for  APU  = $57,550 

1.46  Energy  cost  for  plan  "A"  is 

Electrical  $49,202  + $57,550  Fossile  fuel  = $106,752 
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2 . 0 Plan  "B”  - Central  System  - Energy  Cost 

2.1  The  4l60-208Y/l20  volt  utilization  transformers  associated 
with  the  central  400  Hz  distribution  system  must  be  rated  to 
provide  adequate  power  for  their  areas  of  support.  Transformer 
requirements  will  be  as  follows: 


location 

Qty 

Output 

Voltage 

KVA 

Each 

KVA 

Total 

Hangar  1 

2 

208/120 

30 

6o 

1 

5 

208/120 

60 

300 

2 

ll 

208/120 

60 

660 

3 

1 

203/120 

30 

30 

3 

9 

208/120 

6o 

540 

Park  Ramp 

14 

208/120 

6o 

84  0 

Bldg  49' 

1 

208/120 

60 

60 

300 

1 

208/120 

60 

60 

513 

1 

208/120 

6o 

6o 

548 

1 

208/120 

60 

6o 

46 

2^0 

2.2  Plan 

"B"  will 

be  required  to  support  the  loads  now 

supported 

in  Plan 

"A". 

Installed  motor  generators 

11.40  KVA 

MMG-1 

MEPPs  in 

hangars 

13-8?  KVA 

HC-IO 

?.”ZFPs  on 

ramp 

2.98  XV A 

Aircraft  APUs 

8.75  KVA 

37.00  KVA 

2.2.1  Peak  power  requirements  are  considered  to  be  10  times 
the  average  power  requirements,  and  are 
37  KVA  X 10  = 370  KVA 

2.3  It  is  planned  to  use  two  250  XV/  / 312.5  KVA,  4i6o  volt, 
400  Hz  power' generating  modules.  Each  module  will  be  capable 
of  continuous  operation  at  110,^  of  rated  capacity.  The  units 
will  parallel  when  one  unit  reaches  QOfo  of  its  capacity  and 
deparallel  when  the  load  on  the  combination  drops  to  Z0f»  of 
their  conbined  capacities.  It  could  be  expected  that  the 
second  power  module  will  come  on  line  about  1 fa  of  the  time. 

If  base  loading  in  the  future  should  require  it,  additional 
parallelable  units  may  be  added. 

2.4  The  step  down  transformer  assembly  network  will  be  de- 
signed to  have  power  lossesnot  to  exceed  0.2^5  of  total 
rated  capacities  in  supporting  the  average  load. 

2640  KVA  XFMR  cap.*X  .002  = 5-28  KVA 
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2.5  The  312.5  KVA  power  modules  will  be  designed  to  have  no 
load  losses  not  greater  15/3  of  their  rated  capacities. 

312.5  KVA  X .15  = 47  KVA 

2.6  The  power  module  losses  are  proportional  to  load,  pro- 
viding additional  15;$  losses  at  full  load.  The  proportional 
losses  are 

37  KVA  average  load  X .15  = 5-55  KVA 

2.7  Continuous  power  losses  are  the  losses  of  paragraphs 

2.4, 2. 5  and  2.6.  and  are 

5.28  KVA  + 47  KVA  +5-55  KVA  = 57-83  KVA 

2.8  To  allow  for  additional  losses  when  the  second  module  is 
on  the  line  for  1 ;»  of  the  time 

57.83  KVA  X 1.01  = 58.4  KVA 

2.9  Total  60  Hz  power  consumption  is  based  on  the  summation 
of  400  Hz  power  used  olus  60  Hz  power  lost,  and  is 

37  KVA  of  400  Hz  + 58.4  "XV/”  of  60  Hz  = 95-4  "XT’ 

2.10  The  yearly  consumption  of  60  Hz  power  to  provide  400  Hz 
oower  is 

95.4  "XT'  X 24  hours  X 365  days  = 835,704  "KWH" 

2.11  5ased  on  the  expected  power  cost  of  $.06  per  K'/H,  the 
yearly  cost  of  60  Hz  power  to  operate  the  central  400  Hz  system 
is 

835.704  "XV/H"  X $.06  = 350,142 

2.12  The  cost  of  useful  400  Hz  power  is 

$50,142  4 (37  XV A X 8760  hours)  = $.155  per  "KVAH" 

2.13  System  effeciency  is 

37  KVA  4 95.4  "KW  = 38.8?$ 


3 .0  Energy  Cost  Comparison 


3.-1 


Plan  "A 


Plan  "3" 


Average  400  Hz  generated 
Yearly  60  Hz  consumed 
60  Hz  power  cost 
Fossile  Fuel  Cost 
Total  Energy  Cost 
Cost  of  useful  400  Hz 
System  Effeciency 


37  KVA 
820 , 028"KVH" 
$49,202 
$57,550 
$106,752 

$.329  "KVAH" 

18. 3 % 


37  KVA 
835. 704" KWH" 
$50,142 


$50,142 

$.155  "KVAH 
38.8* 
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4.0  Plan  "A"  - Continue  Present  Method  - Maintenance  Cost 

4.1  Maintenance  costs  for  fixed  motor  generators-  including 
spare  parts  and  overhaul,  are  based  on  the  assumption  that 
the  average  cost  will  be  $100  per  unit  per  month.* 

* See  Paragraph  3- 1*8.  Page  53  of  "Feasibility  Study " 

4.2  NAS  Moffett  Field  has  17  fixed  installed  motor  generators 
involved  in  this  analysis.  The  yearly  maintenance  cost  is 

17  units  X $100  X 12  = $20,400 

4.3  Yearly  maintenance  costs  for  spare  parts  replacement, 
major  rework  and  loabor  to  maintain  MEPPs  was  obtained  from 
NAEC  (''aval  Air  Engineering  Center).  The  yearly  maintenance 
costs  are 

MMG-1  16  units  X $l,ll6  = $17,856 

NC-10  4 units  X $5,393  = $21 , 572 

Total  $39,428 

4.4  Airline  data  indicates  that  it  costs  about  $3-10  per 
operating  hour  to  maintain  on-board  APUs.  The  maintenance 
co s t/  is 

12  aircraft  X 1 hour  X 3$5  days  X $3-10  = $13,578 

4.5  The  total  yearly  cost  to  maintain  400  Hi  generating 
equipment  is  the  summation  of  the  cost  to  maintain  installed, 
mobile  and  on-board  equipment,  and  is 

$20,400  + $39,426  *+  $13,578  = $73,406 


5 • 0 Plan  "B"  - Central  System  - Maintenance  Cost 

5.1  Maintenance  cost  for  components  of  the  central  system 
are  estimated  to  be 


2 - 250  K':f , 400  Hz  power  modules  @ $2,4500  $4,900 

46  - Step  down  transformer  assemblies  3 $10  460 

5 - 5KV  400  Hz  switchgear  2 $125  625 

5KV  distribution  system  2,000 

120/208-  volt  distribution  system  5 , 000 


$12,985 


6 .0  Maintenance  Cost  Comparison 

Plan  "A"  $73,406 

Plan  "B"  12,^85 

$60,421  Savings  for  plan  "B" 


D-12 


7.0 


Discounted  Annua!  Cost 


7.1  The  discounted  annua!  cost  procedures  are  as  presented  in  "Feasibility  Study  for 

A 400  Hz  - 4160  Volt  - Three  Phase  Electrical  Power  Generation  and  Distribution  System" 
Jaros,  Baum  & Bo  lies.  Consulting  Engineers,  February  1977,  Contract  No.  00025-76-C-00! . 

Electricity  and  Maintenance.  From  Table  B - Present-Value  Tables  of  Appendix  D, 

NAVFAC  P-442,  the  "Cummulative  Uniform  Series"  the  factor  7.980  is  selected.  (Infla- 
tion rate  is  not  considered;  Discount  rate  10%  annually  for  15  years) 

Fossile  Fuel.  From  Table  7 of  Appendix  E,  NAVFAC  P-442,  the  "Cummulctive  Uniform 
Series"  the  factor  is  12.278  is  selected.  (Inflation  rate  of  7%;  Discount  rate  10% 
annually  for  15  years) 

7.2  The  discounted  annual  cost  are 
ALTERNATIVE  "A" 

Electricity 

7.98  X $49,202  = $392,632 
Savings  $7,501 

Fossile  Fuel 

12.278  X $57,550  = $706,599  None 

Savings  $706,599 

Maintenance 

7.98  X $73,406  = $585,780  7.98  X $12,985  = SI03, 620 

Savings  $482, 160 


ALTERNATIVE  "B" 

7.98  X $50, 142  = $400, 133 


Discounted  Annual  Cost 

$1,685,011  $503,753 

7.3  Discounted  annual  savings  are 
$1,685,011  - $503,753  = $1,181,258 

7.4  Undiscounted  annual  savings  are 

($49,202  + $57,550  + $73,780  - ($50, 142  + $12,985)  = $117,405 


Prepared  by 
M.  T.  Hurst 


